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Introduction
A significant portion of the Colorado River drainage is on the Colorado Plateau. Four National Parks administer most of this river corridor (along with about 60 river km of a combination of private, Bureau of Land Management, and Utah state owned land located between Arches and Canyonlands National Parks). These parks include: Arches National Park, Canyonlands National Park, Glen Canyon National Recreation Area and Grand Canyon National Park. Numerous springs and seeps occur along this reach of the Colorado River corridor. Most of these springs and seeps exist as isolated sites in arid or semi-arid climates, surrounded by arid adapted communities.
Recreational use and grazing in the arid regions of southern Utah and northern Arizona have a significant effect on both the ecology of the area and the water quality of springs. Springs and seeps, together with associated wetlands, are important and sensitive riparian and aquatic habitat. Traditionally, much of the land encompassed by and bordered by the recreation area has been used for livestock grazing. Springs are essential for commercial grazing. Livestock watering and recent increases in recreational use of the backcountry, if not managed properly, may result in detrimental effects on the water quality of the resource and, therefore, produce ecological effects on the spring and seep habitats. Finally, the increase in recreational use of the backcountry may adversely effect water quality and, therefore, produce ecological effects on these springs and seeps. Recreational activities, such as trampling and swimming at springs can damage vegetation, increase erosion, allow exotic species to invade, interfere with animal life cycles, and threaten the health of aquatic life in these sensitive environments.
Baseline data are needed for the future evaluation of effects on the resource. To address this need, the U.S. Geological Survey (USGS) in cooperation with the National Park Service (NPS), visited selected springs and seeps in the specified National Parks in 1997 and 1998. The purpose of these visits was to make observations, field measurements and to collect samples for the evaluation of water quality. This study was conducted to develop baseline information on the quantity and quality of these water resources.
Purpose and scope
This report presents water quality and quantity data collected along the Colorado River corridor in 1997-98. The study area involves the reach of the Colorado River ranging from Arches National Park to Lake Mead, a distance of about 920 river kilometers (km) (Fig. 1) . The water quality of springs and seeps along the Colorado River corridor and in the boundaries of Glen Canyon National Recreation Area have been studied by several scientists including, Taylor and others (1997) , Blanchard (1986) and Williamson, written communication (1985) . Davis and others. (1963) and Kister and Hatchett (1963) also provide water quality data on a few of the springs in this area. Some limited water-quality data on springs and seeps is reported by Lively-Schall and Foust (1988) . Cooley (1965) provides descriptions and discharge data of many of the springs in the Glen Canyon region. Potter and Drake (1989) in their monograph on Lake Powell make a passing reference to water quality of springs and seeps, but provide no data. None of these studies provide a comprehensive chemical profile on the trace elements at indigenous concentration levels.
Brown and Moran (1979) identified the principal water sources in Grand Canyon National Park, identifying 36 spring sites. Information on south rim springs in the Grand Canyon, was published by Metzger (1961) . Theses by Goings (1985) and Zukosky (1995) describe water flow and some water chemistry data from selected springs and wells located on the south rim of the Grand Canyon. A preliminary National Park Service (NPS) Fact Sheet (Rihs, 2001 ) previews information in a final report that is in preparation from on-going collaborative studies between the USGS and the NPS on seeps and springs on the south rim of the Grand Canyon from the Little Colorado River to above Havasu Creek.
Study area description
The springs and seeps selected for this study are located within the boundaries of Arches National Park, Canyonlands National Park, Glen Canyon National Recreation Area, and Grand Canyon National Park ( fig. 1 ). Most of these springs and seeps emerge in tributaries (within a few km) to the Colorado River. These springs and seeps often emanate from geological contacts between rock formations. Discharge from rock formations generally is in the form of small springs and seeps (with discharges of less than 0.6 liters per second) from canyon walls (Blanchard, 1986) . Since the filling of Lake Powell, all springs in Glen Canyon Recreation Area occur at an altitude above about 3,700 feet, the nominal elevation of the lake. The springs and seeps considered in this report (and other selected sites) are listed in table 1, and locations are shown in figure 1. 
Study Design
Selected springs were visited and samples were collected during February-March 1997 and 1998 . A total of 54 springs and seeps (3 in Arches National Park, 3 in Canyonlands National Park, 28 in Glen Canyon National Recreation Area, 19 in Grand Canyon National Park, and 1 near Arches National Park were measured and sampled at various times throughout the study. Specific springs selected for sampling were chosen because of their high and obvious visibility of the location, their magnitude of use, and their ease of access.
METHODOLOGY Onsite measurements
Several onsite measurements were made to characterize each site where water samples were collected. Water temperature was always measured in the field when collecting samples, whereas pH, specific conductance, and dissolved oxygen (O 2 ) were measured in the field at each location when possible. When logistic difficulty prevented onsite measurements, water samples were transported as soon as possible to a field laboratory for measurement of pH, specific conductance, and dissolved oxygen.
When water flow (velocity from 5 -75 centimeters per second) was observed in a channelized bed (depth 5 -50 centimeters), a Price™ Pygmy model current meter was used to measure water velocity for the subsequent calculation of water discharge (Buchanan and Somers, 1976) . For discharge measurements in channels too shallow to use of the Pygmy meter, a temporary weir was constructed from plastic to constrict the flowing water to a fixed channel. Under these conditions, flow was determined volumetrically by collecting a volume of water flowing from the weir for a specific period of time. For smaller water discharges, a direct volumetric measurement was made. Water was collected directly into a volumetric container (graduated cylinder) or into a holding vessel (bucket or similar container) where the volume collected was subsequently measured by water transfer into a graduated cylinder or other calibrated container.
Because the nominal discharge of most of these springs (and seeps) was usually very low (<1 L/sec) and frequently diffuse, quantitative measurements often were not possible. At locations where water discharge could not be directly measured, it was estimated using the area of the wetted rock or sand and the configuration of the topography surrounding the spring or seep as a guide to determine cross-sectional area and water was collected in a volumetric container.
The location (Universal Transverse Mercator (UTM) coordinates), geological setting, elevation, aspect (facing direction of spring), temperature, discharge, dissolved oxygen, pH and specific conductance are described in table 2. 
Sampling and sample processing
Samples were collected and analyzed for major cations, major anions, nutrirents, dissolved organic carbon (DOC), trace constituents, and mercucry.
Sampling kits consisting of filtration equipment, precleaned bottles (some containing preservative) with labels, hermetically sealed in a plastic bag, were prepared in the laboratory prior to a sampling trip. Each sampling kit was designated for one use only at a specific site. New kits were used at every sampling site. This approach eliminated the need for field cleaning of equipment, minimized the possibility of contamination, and greatly improved the quality control of the process.
Sample processing for trace constituent analysis consisted of filtration with a dedicated 60-mL polystyrene syringe (soaked in nitric acid in the laboratory for a minimum of 48 hours) through a disposable 25-mm diameter polysulfone membrane syringe filter with a nominal pore size of 0.45 μm. Samples for dissolved organic carbon determinations were filtered through a 47-mm diameter 0.45-micrometer pore-size silver membrane filter housed in a stainless steel filter holder.
Subsamples for laboratory analysis were filtered into sample bottles as follows: one 60-mL baked glass bottle (for dissolved organic carbon determinations (DOC)); one 30-ml deionized watersoaked opaque brown polyethylene bottle (for nutrient determinations); one deionized water-soaked clear 60-mL polyethylene bottle (for major anion determinations); and one 125-mL nitric acid-soaked polyethylene bottle with 1-mL concentrated subboiling distilled nitric acid included in the bottle for trace constituent and major-cation determinations. In addition, one 125-mL nitric acid-soaked glass bottle with 5-mL of a mixture of concentrated ultrapure nitric acid and 1 percent weight/volume (w/v) ultrapure potassium dichromate included in the bottle for mercury determinations was packaged separately from the kit to minimize cross-contamination problems. All sample bottles were acid soaked in the laboratory for 24 hours prior to use.
The field processing procedure is described as follows:
1. The kit was unsealed and the polyvinylchloride (PVC) gloves were immediately placed on the hands of the person collecting the sample.
2. The 60-mL syringe was removed from its container and without a filter in place was filled with sample directly from the spring or seep. If it was not possible to fill the syringe from the back with the plunger removed, the syringe was filled by using the suction of the plunger to draw small volumes from shallow depressions near the source of the spring. This is a particularly important technique for sampling springs with small volumes of running water. 3. The initial filling of the syringe was discarded as a sample rinse prior to the filtration step. 4. A disposable filter was placed on the syringe (using the Luer-lock connector), and a small quantity of sample was forced through the filter to rinse it (approximately 10-mL). A portion of this rinse solution was transferred to the appropriate sample bottle for rinsing prior to filling with filtered sample. 5. After rinsing, the remainder of the sample in the syringe was filtered into the appropriate sample bottles. 6. The sample bottles were filled in the following order: 30-mL nutrient bottle, 60-mL anion bottle, 125-mL trace constituent bottle and finally, the 125-mL mercury bottle. Each bottle was thoroughly sealed before a subsequent bottle was opened. Nutrient samples were immediately chilled. 7. As the disposable filters became clogged, reducing the filtration rate, the old filter was discarded and replaced with a new filter. Each new filter was rinsed as described in step 4 above. 8. Dissolved organic carbon samples were chilled after processing.
Laboratory analysis
All samples were analyzed at the USGS laboratory located in Boulder, Colorado. Upon arrival at the laboratory, samples for nutrients and DOC were analyzed immediately. Ammonium (NH 4 ), nitrate (NO 3 ), nitrite (NO 2 ) and orthophosphate (PO 4 ) were determined by ultravioletvisible absorption spectrophotometry. Measurements were made using a continuous-flow automated method described by Antweiler and others (1993) . Dissolved organic carbon (DOC) was determined by oxidation of the organic carbon in the sample to carbon dioxide, which was measured using an infrared absorption spectrophotometric technique. The specific method is described by Wershaw and others (1983) .
Total alkalinity was determined on the unpreserved filtered sample by an automated Gran titrimetric procedure using sulfuric acid as the titrant (Skougstad and others, 1979) . Alkalinity was expressed in the units of milliequivalents per liter and was used in conjunction with pH to calculate dissolved inorganic carbon (DIC) as carbonate and bicarbonate. Major anions (chloride (Cl), fluoride (F) and sulfate (SO 4 )) were determined on the unpreserved filtered sample using an automated ion chromatographic technique (Brinton and others, 1996) .
Major cations (sodium (Na), calcium (Ca), magnesium (mg), potassium (K) and silica (as SiO 2 )) were determined on the filtered and acidified sample using an inductively coupled plasma-atomic emission spectrometric method. The method previously has been described by Garbarino and Taylor (1979) .
Trace constituents (aluminum (Al), antimony (Sb), arsenic (As), barium (Ba), beryllium (Be), bismuth (Bi), boron (B), bromide (Br), cadmium (Cd), cerium (Ce), cesium (Cs), chromium (Cr), cobalt (Co), copper (Cu), dysprosium (Dy), erbium (Er), europium (Eu), fluoride (F), gadolinium (Gd), holmium (Ho), iodine (I), lanthanum, (La), lead (Pb), lithium (Li), lutetium (Lu), manganese (Mn), molybdenum (Mo), neodymium (Nd), nickel (Ni), praseodymium (Pr), rhenium (Re), rubidium (Rb), samarium (Sm), selenium (Se), silver (Ag), strontium (Sr), tellurium (Te), terbium (Tb), thallium (Tl), thorium (Th), thulium (Tm), tin (Sn), titanium (Ti), tungsten (W), uranium (U), vanadium (V), yttrium (Y), ytterbium (Yb), zinc (Zn), and zirconium (Zr) were determined by an inductively coupled plasmamass spectrometric technique as described in Taylor and Garbarino (1991) , Garbarino and Taylor (1994), and Taylor (2001) . A cold-vapor atomic fluorescence spectrometric technique reported by Roth (1994) was used for the trace determination of mercury (Hg). Iron (Fe) was determined by the inductively coupled plasma-atomic emission technique previously described.
Quality control/quality assurance
All laboratory sample determinations were performed randomly in triplicate (randomly throughout a single analysis session). After statistical evaluation, outliers were rejected (Meier and Zünd, 1993) and analytical determinations rerun as necessary. Calibration curves for instrumental determinations were established by the use of at least five separate concentration calibration standards, prepared gravimetrically from pure metals or metal salts. Laboratory reagent blanks were run in triplicate at a rate of about 5 percent of the total samples analyzed. Field process blanks were analyzed as part of the quality-control program. Laboratory blanks were used to correct analytical data, and field blanks were used to evaluate the possibility of contamination during the sampling process.
The accuracy of the analytical determinations was further ensured by the periodic analysis of standard reference materials within each set of laboratory samples. Natural water matrix reference standards routinely comprised at least 20 percent of each batch of sample analysis. Different standard reference materials were used for each analytical method. A number of separate reference samples, having constituent concentrations that bracketed the expected analyte concentrations in the spring and seeps samples, were routinely analyzed in an identical fashion to the samples. National Institute of Standards and Technology (NIST), Standard Reference Materials, and USGS, Standard Reference Water Samples were extensively used to evaluate the accuracy of all analytical trace element determinations. A summary of the results of these standards are shown on bar graphs in figures 2 and 3. The white bars represent the certified or "most probable" value of the trace elements in the reference material. The dark bars are mean concentrations measured by the laboratory for the reference material during the analysis of the samples. The degree of agreement between the certified or "most probable" values and the measured values represent an estimate of the level of accuracy of these determinations. Depending on concentration level of the analyte, the degree of agreement between the certified and measured values was generally between 1 and 10 percent. Where appropriate, detection limits are determined by the method described by Skogerboe and Grant (1970) and data are reported as "less than" values (<) in the table. Detection limits may vary for a given constituent on the basis of factors such as variation in the sensitivity of the laboratory instrument or sample dilutions that were made at the time of analysis to minimize interelement interference effects. Observations including the biological characteristics of each spring and seep are tabulated table 4.
The water-quantity results tabulated from this study (table 2) show that water discharge ranges from unmeasureable (seeps) to a high of about 7,000 mL/s at Slimey Tick Spring in Grand Canyon National Park. The magnitude of water discharge is highly variable dependent on the season of the year and the overall climatic and hydrologic conditions prior to measurement (Blanchard, 1986) .
Hydrogen ion concentration, expressed in pH, is ranges from 6.99 to 9.22. Alkalinity is variable, ranging from about 1 to 30 meq/L, suggesting significant variation in the bicarbonate contributions. Specific conductance (an indication of dissolved solids content) also is variable, ranging from 117 μS/cm at Bowns Canyon Spring in Glen Canyon National Recreation Area to 12,900 μS/cm at Pumpkin Spring in Grand Canyon National Park.
Other major water quality constituents such as, Ca, K, Mg, Na, Cl and SO 4 , show a similar distribution to the specific conductance, indicating that the majority of the springs are freshwater, with a few springs having nominally high salinity (for example, Gypsum Canyon Spring and Pumpkin Spring). Nutrients, including ammonium ion, nitrate, nitrite and phosphate, were measured at very low and variable concentrations.
Several of the trace constituents seldom were measured at concentrations above their respective detection limits (usually sub μg/L levels). These included Ag, Be, Co, Ni, P, Te and Tl. Concentrations of other trace elements including Cd, Ce, Cr, Cs, Cu, Dy, Er, Eu, Fe, Gd, Hg, Ho, Lu, Mo, Nd, Pb, Pr, Re, Sb, Se, Sm, Sn, Tb, Th, Tm, W, Yb and Zn, ranged from their respective detection limit to nominally moderate values depending on the specific spring sampled. Elements including Al, As, B, Ba, Br, DIC, DOC, I, La, Li, Mn, Rb, Sr, U, V, Y and Zn, were present at measureable concentrations in essentially all springs and seeps sampled. Silica (SiO 2 ) ranged from 0.03 to 130 mg/L.
CONCLUSIONS
Water is a critical, limited resource in the arid environment of the national parks and recreation areas on the Colorado Plateau. Although many of these springs and seeps are small and sometimes temporary, collectively they result in the greatest and most widespread source of surface water in the four national parks aside from Lake Powell and the major river channels. Because of the presence and range of these ground-water sources of surface water, they are an essential resource to maintain the riparian and aquatic habitat that supports the local flora and fauna of the high desert. The ecosystems that develop around the springs and seeps represent a unique environment in the desert. This study, described in this report, represents a water quality and quantity assessment of selected springs and seeps that were flowing at the time of sampling and that were accessible with reasonable effort. Additional sampling and assessment of these and other springs and seeps in the future is warranted to identify potentially unique floral and faunal species that may be present and provide information to assist in the management of this important resource.
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Antweiler. R.C., Patton, C.J., and Taylor Table 3 Summary of water quality concentration data (mean and standard deviation) of selected springs and seeps, 1997-98 -(Continued) [meq/L, milliequivalents per liter; μg/L, micrograms per liter; <, less than; --, no data] 
Above Freshwater Spring 21 ± 0.3 1.4 < 0.002 ± 0.000 < 0.002 ± 0.0017 < 0.001 ± 0.0007 0.08 ± -< 12 ± 7 0.003 ± 0.0 0.8 ± 0. Seven Mile Spring 27 ± 0.2 0.8 < 0.002 ± 0.001 0.002 ± 0.0007 < 0.001 ± 0.0062 0.1 ± 0.008 < 12 ± 2 < 0.002 ± 0.0 0.6 ± 0.2 Sleepy Hollow Spring 25 ± 0.2 0.6 < 0.002 ± 0.002 0.002 ± 0.001 < 0.001 ± 0.0071 0.11 ± -< 12 ± 5 < 0.002 ± 0.001 0.6 ± 0.2
CANYONLANDS NATIONAL PARK
Big Spring 62 ± 0.2 0.9 < 0.002 ± 0.000 < 0.002 ± 0.0006 0.001 ± 0.0000 0.09 ± -< 12 ± 1 < 0.002 ± 0.002 <0.3 ± 0. Cabin Spring 25 ± 0.2 0.8 < 0.002 ± 0.000 < 0.002 ± 0.0009 < 0.001 ± 0.0001 0.1 ± -< 12 ± 13 < 0.002 ± 0.001 <0.3 ± 0.2 Cave Spring 35 ± 0.2 0.9 < 0.003 ± 0.001 < 0.004 ± 0.002 < 0.001 ± 0.0027 0.13 ± -< 9 ± 2 < 0.003 ± 0.001 0.4 ± 0.2
GLEN CANYON NATIONAL RECREATION AREA
Bouy 114A Spring -± ---± --± --± --± --± --± --± -Bouy 114B Spring 29 ± 0.2 1.6 < 0.003 ± 0.001 < 0.004 ± 0.0005 0.007 ± 0.0020 0.11 ± -< 9 ± 8 0.003 ± 0.002 0.6 ± 0.1 Buoy 84 RR Spring 22 ± 0.2 1.7 < 0.004 ± 0.001 0.005 ± 0.001 < 0.002 ± 0.0008 0.09 ± -< 5 ± 6 0.005 ± 0.001 1.7 ± 0.1 Bowns Canyon Garden 13 ± 0 4.4 < 0.004 ± 0.001 < 0.003 ± 0.0007 < 0.002 ± 0.0010 0.1 ± -< 5 ± 1 < 0.002 ± 0.0 1.3 ± 0.2 Cottonwood Canyon Garden 28 ± 0.5 1.0 < 0.004 ± 0.000 < 0.003 ± 0.001 < 0.002 ± 0.0030 0.11 ± -< 5 ± 9 0.002 ± 0.002 <0.3 ± 0. Cow Canyon Garden A 19 ± 0.1 1.2 < 0.004 ± 0.001 < 0.003 ± 0.003 < 0.002 ± 0.0001 0.08 ± -< 5 ± 1 < 0.002 ± 0.0 0.9 ± 0.1 Cow Canyon Garden B 19 ± 0 1.2 < 0.004 ± 0.001 < 0.003 ± 0.0006 < 0.002 ± 0.0019 0.08 ± -< 5 ± 5 0.002 ± 0.0 1. ± 0.2 Cow Canyon Garden C 24 ± 0.2 0.9 < 0.004 ± 0.000 < 0.003 ± 0.002 0.003 ± 0.0021 0.09 ± -< 5 ± 7 < 0.002 ± 0.002 1. ± 0.2 Easter Pasture Canyon Garden 30 ± 0.4 1.9 < 0.003 ± 0.002 < 0.004 ± 0.001 < 0.001 ± 0.0010 0.21 ± -12 ± 10 < 0.003 ± 0.002 0.8 ± 0.2 Escalante River Spring A 19 ± 0.1 0.9 < 0.004 ± 0.001 < 0.003 ± 0.001 < 0.002 ± 0.0010 0.1 ± -< 5 ± 2 < 0.002 ± 0.001 1.1 ± 0.1 Escalante River Spring B 15 ± 0 1.9 < 0.004 ± 0.001 < 0.003 ± 0.0007 < 0.002 ± 0.0020 0.08 ± -< 5 ± 2 < 0.002 ± 0.001 1. ± 0.1 Escalante River Spring C 20 ± 0.1 0.9 < 0.004 ± 0.001 < 0.003 ± 0.0004 < 0.002 ± 0.0009 0.08 ± -< 5 ± 6 < 0.002 ± 0.001 0.8 ± 0.1 Forgotten Canyon Spring 54 ± 0.6 3.4 0.017 ± 0.003 0.007 ± 0.0003 0.004 ± 0.0020 0.27 ± -< 5 ± 14 0.020 ± 0.0 1.6 ± 0.1 Good Hope Bay, Spring A 44 ± 1.1 1.2 < 0.004 ± 0.002 0.003 ± 0.0004 < 0.002 ± 0.0024 0.16 ± -< 5 ± 4 0.004 ± 0.001 4. ± 0.1 Good Hope Bay, Spring B 64 ± 0.8 0.9 0.013 ± 0.000 0.012 ± 0.004 0.011 ± 0.0029 0.26 ± -< 5 ± 9 0.012 ± 0.001 0.3 ± 0.1 Good Hope Bay, Spring C 32 ± 0.5 0.4 < 0.004 ± 0.000 < 0.003 ± 0.0003 < 0.002 ± 0.0030 0.19 ± -< 5 ± 5 < 0.002 ± 0.001 3.1 ± 0.2 Good Hope Bay, Spring D 31 ± 0.6 0.3 < 0.004 ± 0.001 < 0.003 ± 0.0008 < 0.002 ± 0.0003 0.18 ± -< 5 ± 4 < 0.002 ± 0.0 2.3 ± 0.1 Gypsum Canyon Spring 66 ± 1 1.8 0.005 ± 0.001 0.008 ± 0.0009 < 0.001 ± 0.0011 2.24 ± -1,500 ± 100 0.010 ± 0.002 1.2 ± 0.2 Knowles Canyon Garden 20 ± 0.4 0.8 < 0.003 ± 0.002 < 0.004 ± 0.0007 < 0.001 ± 0.0008 < 0.05 ± -< 9 ± 2 < 0.003 ± 0.001 0.6 ± 0.3 Last Chance Spring 61 ± 1 2.2 < 0.004 ± 0.002 < 0.003 ± 0.0006 < 0.002 ± 0.0008 0.66 ± -< 5 ± 4 < 0.002 ± 0.001 2.9 ± 0.1 Long Canyon Spring 16 ± 0.1 0.9 < 0.004 ± 0.000 < 0.003 ± 0.0005 < 0.002 ± 0.0015 0.09 ± -< 5 ± 3 < 0.002 ± 0.0 1. ± 0.2 Moqui Canyon Spring 44 ± 0.7 3.2 0.004 ± 0.002 0.004 ± 0.002 0.002 ± 0.0017 0.22 ± -110 ± 10 0.006 ± 0.001 <0.3 ± 0.2 Rana Canyon Garden 25 ± 0.2 2.0 < 0.004 ± 0.001 < 0.003 ± 0.001 < 0.002 ± 0.0020 0.12 ± 0.002 < 5 ± 4 < 0.002 ± 0.001 1.1 ± 0.1 Ribbon Canyon, Grand Daddy Spring 26 ± 0.1 1.2 < 0.004 ± 0.001 < 0.003 ± 0.0005 < 0.002 ± 0.0020 0.09 ± 0.002 < 5 ± 7 0.003 ± 0.001 2.1 ± 0.1 San Juan Garden 19 ± 0.3 1.7 < 0.004 ± 0.000 < 0.003 ± 0.0009 < 0.002 ± 0.0035 0.1 ± -< 5 ± 2 < 0.002 ± 0.0 1.5 ± 0.1 Stevens Arch Garden 21 ± 0.5 1.0 < 0.004 ± 0.001 < 0.003 ± 0.0005 < 0.002 ± 0.0020 0.09 ± -< 5 ± 6 < 0.002 ± 0.002 <0.3 ± 0.2 Swett Canyon Spring 119 ± 0.2 3.1 < 0.003 ± 0.002 < 0.004 ± 0.0008 0.003 ± 0.0015 0.5 ± -< 9 ± 14 < 0.003 ± 0.001 <0.3 ± 0. Wall Spring 44 ± 0.8 0.4 < 0.004 ± 0.001 < 0.003 ± 0.001 < 0.002 ± 0.0010 0.23 ± -< 5 ± 9 < 0.002 ± 0.001 0.7 ± 0. Berts Canyon < 0.0007 ± 0.0003 26 ± 0.7 1.8 ± 0.03 0.0088 ± 0.0014 6.0 ± 0.5 < 0.0006 ± 0.0002 Cove Canyon < 0.0007 ± 0.0005 13 ± 8 13.2 ± 0.39 < 0.0009 ± 0.0004 47 ± 1.5 < 0.0006 ± 0.0001 Elves Chasm < 0.0007 ± 0.0002 32 ± 10 3.5 ± 0.03 < 0.0009 ± 0.0006 14 ± 0.9 < 0.0006 ± 0.0005 Fern Glen < 0.0007 ± 0.0004 33 ± 15 11.7 ± 0.41 < 0.0009 ± 0.0003 60 ± 2. 0.0007 ± 0.0005 Hance Spring < 0.0007 ± 0.0004 45 ± 9 13. ± 0.03 < 0.0009 ± 0.0009 170 ± 0.5 < 0.0006 ± 0.0002 Keyhole Spring < 0.0007 ± 0.0002 25 ± 4 1.9 ± 0.01 0.0027 ± 0. 1997-98 -(Continued) [meq/L, milliequivalents per liter; μg/L, micrograms per liter; <, less than; --, no data]
ARCHES NATIONAL PARK Above Freshwater Spring < 0.004 ± 0.002 < 0.03 ± 0.06 -± -< 20 ± -< 0.01 ± 0.01 < 0.0005 ± 0.0001 0.37 ± 0.00 Seven Mile Spring < 0.004 ± 0.001 < 0.03 ± 0.1 -± -< 20 ± -< 0.01 ± 0.006 < 0.0005 ± 0.0002 0.98 ± 0.01 Sleepy Hollow Spring < 0.004 ± 0.003 < 0.03 ± 0.09 -± -< 20 ± -< 0.01 ± 0.004 < 0.0005 ± 0.0004 0.85 ± 0.01 CANYONLANDS NATIONAL PARK Big Spring < 0.004 ± 0.002 < 0.03 ± 0.2 -± -< 20 ± -< 0.01 ± 0. < 0.0005 ± 0.0004 1.2 ± 0.04 Cabin Spring < 0.004 ± 0.001 < 0.03 ± 0.09 -± -< 20 ± -< 0.01 ± 0.004 < 0.0005 ± 0.0003 1.98 ± 0.01 Cave Spring < 0.005 ± 0.002 < 0.02 ± 0.13 < 4 ± 1. < 20 ± -< 0.02 ± 0.007 < 0.0007 ± 0.0006 0.84 ± 0.01
0.012 ± 0. < 0.02 ± 0.11 < 4 ± 0.8 < 30 ± 1 < 0.02 ± 0.003 0.0019 ± 0.0010 1.25 ± 0.01 Buoy 84 RR Spring 0.014 ± 0.001 < 0.03 ± 0.07 < 3 ± 0.5 -± -< 0.01 ± 0.005 0.0027 ± 0.0004 1.11 ± 0.02 Bowns Canyon Garden 0.013 ± 0.002 < 0.03 ± 0.04 8.1 ± 0.8 < 5 ± -0.02 ± 0.011 0.0026 ± 0.0002 0.9 ± 0.01 Cottonwood Canyon Garden 0.006 ± 0.003 < 0.03 ± 0.07 < 3 ± 0.7 -± -0.05 ± 0.016 0.0014 ± 0.0002 1.02 ± 0.01 Cow Canyon Garden A 0.005 ± 0.001 < 0.03 ± 0.01 < 3 ± 2.5 < 5 ± -0.05 ± 0.011 < 0.0007 ± 0.0006 0.92 ± 0.02 Cow Canyon Garden B < 0.004 ± 0.002 < 0.03 ± 0.03 < 3 ± 0.3 < 5 ± -0.02 ± 0.01 < 0.0007 ± 0.0001 1.2 ± 0.02 Cow Canyon Garden C < 0.004 ± 0.002 < 0.03 ± 0.01 < 3 ± 0.6 < 5 ± -0.02 ± 0.001 0.0008 ± 0.0001 1.2 ± 0.01 Easter Pasture Canyon Garden < 0.005 ± 0.001 < 0.02 ± 0.15 < 4 ± 0.9 < 30 ± 2 < 0.02 ± 0.01 < 0.0007 ± 0.0004 4.9 ± 0.12 Escalante River Spring A < 0.004 ± 0.001 < 0.03 ± 0.04 < 3 ± 0.7 < 5 ± 4 0.03 ± 0.01 < 0.0007 ± 0.0003 1.7 ± 0.01 Escalante River Spring B 0.005 ± 0.001 < 0.03 ± 0.04 < 3 ± 0.1 < 5 ± -< 0.01 ± 0.009 < 0.0007 ± 0.0003 1.4 ± 0.01 Escalante River Spring C < 0.004 ± 0.001 < 0.03 ± 0.1 < 3 ± 0.9 < 5 ± -< 0.01 ± 0.003 < 0.0007 ± 0.0004 2.3 ± 0.02 Forgotten Canyon Spring 0.046 ± 0.001 < 0.03 ± 0.07 < 3 ± 0.9 -± -< 0.01 ± 0.005 0.0076 ± 0.0001 0.53 ± 0.01 Good Hope Bay, Spring A 0.014 ± 0.001 < 0.03 ± 0.01 < 3 ± 1.
-± -0.02 ± 0.006 0.0037 ± 0.0007 0.48 ± 0.00 Good Hope Bay, Spring B 0.041 ± 0.001 < 0.03 ± 0.02 < 3 ± 1. -± -< 0.01 ± 0.01 0.0083 ± 0.0000 1. ± 0.01 Good Hope Bay, Spring C < 0.004 ± 0.002 < 0.03 ± 0.03 < 3 ± 2. -± -< 0.01 ± 0.003 < 0.0007 ± 0.0006 0.61 ± 0.00 Good Hope Bay, Spring D 0.005 ± 0.001 < 0.03 ± 0.03 < 3 ± 0.8 -± -< 0.01 ± 0.008 0.0007 ± 0.0007 0.63 ± 0.01 Gypsum Canyon Spring 0.017 ± 0.001 0.28 ± 2.9 8.1 ± 3. < 30 ± 3 < 0.02 ± 0.002 0.0045 ± 0.0002 3.4 ± 0.04 Knowles Canyon Garden 0.006 ± 0.001 < 0.02 ± 0.08 < 4 ± 2. < 30 ± 5 0.03 ± 0.009 0.0009 ± 0.0007 1.3 ± 0.02 Last Chance Spring < 0.004 ± 0.003 1.2 ± 0.05 < 3 ± 0.3 -± -0.01 ± 0.002 0.0009 ± 0.0003 5.5 ± 0.00 Long Canyon Spring < 0.004 ± 0. < 0.03 ± 0.06 < 3 ± 1. < 5 ± -< 0.01 ± 0.01 < 0.0007 ± 0.0003 1.2 ± 0.01 Moqui Canyon Spring 0.028 ± 0.002 < 0.03 ± 0.06 < 3 ± 2.
-± -0.03 ± 0.008 0.0043 ± 0.0004 0.06 ± 0.01 Rana Canyon Garden < 0.004 ± 0. < 0.03 ± 0.04 4.8 ± 2. < 5 ± -0.03 ± 0.013 < 0.0007 ± 0.0002 1.8 ± 0.01 Ribbon Canyon, Grand Daddy Spring < 0.004 ± 0.003 < 0.03 ± 0.04 < 3 ± 0.6 < 5 ± -< 0.01 ± 0.004 < 0.0007 ± 0.0002 1.03 ± 0.01 San Juan Garden < 0.004 ± 0.001 < 0.03 ± 0.04 < 3 ± 1. < 5 ± -0.02 ± 0.008 0.0009 ± 0.0005 0.95 ± 0.00 Stevens Arch Garden < 0.004 ± 0.002 < 0.03 ± 0.01 < 3 ± 1. -± -< 0.01 ± 0.003 < 0.0007 ± 0.0004 1.4 ± 0.01 Swett Canyon Spring < 0.005 ± 0.003 < 0.02 ± 0.2 < 4 ± 1. < 30 ± 1 < 0.02 ± 0.003 0.0009 ± 0.0003 7.1 ± 0.30 Wall Spring < 0.004 ± 0.002 < 0.03 ± 0.03 < 3 ± 0.9 -± -0.01 ± 0.005 < 0.0007 ± 0.0004 1.5 ± 0.01 Table 3 Summary of water quality concentration data (mean and standard deviation) of selected springs and seeps, 1997-98 -(Continued) [meq/L, milliequivalents per liter; μg/L, micrograms per liter; <, less than; --, no data] Table 3 Summary of water quality concentration data (mean and standard deviation) of selected springs and seeps , 1997-98 -(Continued) [meq/L, milliequivalents per liter; μg/L, micrograms per liter; <, less than; --, no data] 
Bouy 114A Spring -± - -± -- ± - -± - -± - -± - -± --± - -± - -± - -± - -± - ± -± - -± - Bouy 114BSite Strontium Terbium Tellurium Thorium Titanium Thallium Thullium µg/L µg/L µg/L µg/L µg/L µg/L
MISCELLANEOUS
Matrimony Spring 410 ± < 0.0005 ± 0.0003 < 0.05 ± 0.01 < 0.0008 ± 0.0004 1.1 ± 0.2 < 0.01 ± 0.0002 < 0.0005 ± 0.0002 Table 3 Summary of water quality concentration data (mean and standard deviation) of selected springs and seeps, 1997-98 -(Continued) [meq/L, milliequivalents per liter; μg/L, micrograms per liter; <, less than; --, no data] 
GLEN CANYON NATIONAL RECREATION. AREA
Bouy 114A Spring -± --± --± --± --± --± --± -Bouy 114B spring 0.5 ± 0. 
